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(57) Abstract: A method whereby the ratio of glycated 
hemoglobin can be highly accurately and easily determined. 
The ratio of glycated hemoglobin can be determined by 
selectively digesting glycated hemoglobin in a whole blood 
sample with a protease, reacting the glycated moiety of 
the glycated hemoglobin digestion product with a glycated 
amino acid oxidoreductase, and then measuring this 
oxidoreduction reaction. As the glycated hemoglobin data 
determined by this method correlate to HbAlc concentration 
in whole blood samples. Therefore, HbAlc content can be 
highly accurately and easily determined from the glycated 
hemoglobin data without measuring the glycated Qf -amino 
group moiety which is the characteristic structure of HbAlc. 
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MM&IZ& ZZ.ii frZ, HbAl c <Dft®.&)ffim.T*$>Z a -75 /SO 



- WO 02/06519 



PCT/JPOl/06064 



m m m 

5 IWT£o 

- (HPLC) ft&m^lZ&V^ At^Dk'>©t 

m.7tmm (faod) *m^rzmmmz&y), mik?>rt?m*mm~e 
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15 >t£.tt*7u ; r7— mmm izftmrtat, faod^ 

fcl&ti, MIB^nT-T-if tit, *Mfc'\ ; E£fPif >&M$im\zft 
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^^n^nHt- if, Bacillus subtilis a^fe^D^T— ifT: 
£ <h#W£ bV>, ttflB Bacillus subtil is E&3fc:/a^7-if £ IT 
te, 0!l;!tfc£, i§p a D«ynT7-tfN (->^7-7JVHU^ftS) , i§! 

ilS/^D^nf-f ^— if itTfi, BacillusJ gfi3fc^ff p:/Pt- 
-f^— if (EC 3. 4. 2 4. 4) *#«fr«f («c) SSI : iSiB 

Zfuf^-r— if, yp^7^f>, AV\°-r>T&0, $Hc$F£L< te*^ 
10 u^D5 i -l'^-ifTfe§o 

20 ffl uavs ji £ ^ MU7 ^ ;tssfflioift7$ ys-e^Sui^ 

•#5SW©«!lJfe:£8cK:43V>T, WIB^D^T— if«, MlmLl^l 
T.l, 0 0 0-10, 0 0 0, 0 0 0 U CDmm'VWilM-? % Z- tfiW £ b 
25 <, Sfc, S0f2FAODteU iilmLfc^bT5 0 0~4 0, 0 0 0 
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5 If (£*T, PPODJ tiftfc±0»ftt5at«t*ffl^ 

10 ;H7x^l/>y7^> (OPD) , FU>^it4-75/7> 

^tru >i*iift*^fcsa^»if e>n^>„ atria hu 

15 ^tfU>if##:, A*" U >^7 5>XJ^>i?> ^fJK>Xf7^U 
;>tH7^> (MB TH) , X;^WH^f;K>Xf7V r U/>k 
H9V> (SMBTH) ^©i^^MIlO^T 
t>, «rte»*L<fci, N- (AM^->^^75;*M-Jl') -4 
, 4' -fcfX (^fiP75/) >?7ai-^7'a>^hU^A^^§o 

20 ^^©h b ai.c (DWMxmts mm^wo^^tfa tr 

MlzRXTZZ.2i\z&r), MB£ih&zm *lz&tf%>H b A l c ©ft^sfc 
25 &3M^7j?£-e&£o 
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>m<km&. mm±isa.u.m^(DHb a i c (omtm^mmm&iz&zz. 

^Iffibt HbAlctt s\^tfu¥>(D 8 -MN$iiQ<D a-TS. 
&Z>t. HbAlc©ittt> IHb^O^Tt), HbAl c©§fW 

mmi$®:x&% 0 -mNm^(D a-r^ymmimftiz, faod§# 
^^HcfMs-fr, ^<DmimKfcjfo*mfe?&>&^&&~Dtco z\<d^ 
, ^tsfaod^, mxu, a-rs.ymm^mzMvxmm^ 

HbAlcOi^S, IE«i^offi^tCff 5 £ HbAl c©i 

15 2|c^0j©Hb ai c (Dm^mz^^x, mmmmmte. mmumo 
iBnHbAi cmt, mttmA(D^?\n¥>m'ikm<Dwmjjmz£ 

-T>, h U ^^nT'n^-r^— if, Bacillus su 

25 btillis ajfeOT'a^T — -g^S>^:^>P^g>3ii^^nfe^>^:< ' ^> 
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;V) -4, 4-tfX 5?7x-;V75 >^hU^i^T 

:/*ISK&#hU:/5'>, ^^n^Df-ft-lf, Bacillus subt 
illis a^(D^ > aT-7-if^g>75:^^^g,B^^nfe^^:< 

fc«fcD5S6T*£R«, N- (AJV^+^^f;V7$/>!jJ«-^) - 
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4, (i?^^7$;) ?yx.~)\<7^>1rhWJ±T2%>Z>Z. 

5 mite, ^mm(Dm^m(D-mmm\z^^x. HbAicist® 

i&fcHbAlc (%) t&nmfe^-VMfeVrciHb A 1 c (%) tOffl 

10 

15 R x -CO-CH 2 -NH-R 2 + H 2 0 + 0 2 

-» R'-CO-CHO + N H 2 -R 2 + H 2 0 2 

• • • (1) 

(i) k&v^t, r i -co-ch 2 -nh-r 2 te> mxu, m 
mm s^t. huIb^^s or 1 ) teu »^sjKi9©»*«r;vH-^o 
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z<Dmm& (r 1 ) wu m%.\*> 

-[CH (OH) ] n -CH 2 OH 

WiE5£ (1) fc$3V*T, R 2 «, «r^®HR$n«:Vi*t, a-T^/S 

SfrwH^; (i) fc^^t, a-75ys^ift$nTVi5i^, r 2 & 

, TfB:£ (2) W75/iliStfc[K^FliT?S§. 
10 -CHR 3 -CO-R 4 • • • (2) 

MI3^ (2) iZ&^T. R 3 fJ75/tiiS^t, R 4 te 
) "Cibt^t^tfS. TfBiS (3) fc&^T, nte, 0&±<Dm$k 

15 t&d, r 3 «, Hu^iRi^fcT^ /mmm&^^To 

- (NH-CR 3 H-CO) n -OH • • • (3) 

mm^, (i) \z&\,*t. «-7$;s^®75;i)ims 
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c=o 
I . 

R 5 -CH 
I 

NH 
I 

R 6 



(4) 



10 R 5 te 

- C H 2 ~ C H 2 ~ C H 2 ~ C H 2 ~ 

-CH 2 -CH 2 -CH 2 -NH-CH (NH 2 ) -T&3 0 

15 

hubBiS (4) fc&^T, R 6 te, 7jcm, 75;^Itfctt^^f H 
D , TfBiS (5) T^^T^<h^lr#^c TfB 

5£ (5) fc&^r, nteo^±£>^ffc-e&D, r 3 «, iu $ £ 4£ &c r 

20 

- (CO-CR 3 H-NH) n -H • • • (5) 

&fc, MIB5S; (4) fC&^T, R 7 «, 7j<^S> 75;tMSfcfi 
^^H^T^?3, 0!J;U;£> TfB^ (6) -C3zt)TZ.£&-VgZo & 
25 TfBiS (6) Kl&^T, n«0£Uh©M£fc-e&D, R 3 te, itui££: 
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- (NH-CHR 3 -CO) n -OH • • • (6) 

sn»v^, mm^. (i) fewr, a-75;s^©7$;ia 
5 5&tjjg^bfc*^S5te (t&f3R 2 ^tfife:£ (4) tew-r*Jt*e**) tefe 

10 uCi^FAODilTl 0iJ*J;£, ^+hU^7AS*, 3^l/^Et3 
15 f§„ 

s-r, £jfiL*»jfiL*r*. zvmsfojjmz. mznmtsn?. m%\*. 

X-5^V (Tr i tonlWttll) , tfU^v-X 

) , 7j?u^^^x^u> t)v*)v x.-t)v (Bri j %&-mm&M 

25 ^Tr i tonX-100, iSiS^Twe e n - 2 0 , ffi£h&B r i j 

3 sm&&\? MBMSttafcisaaftfrw:, sir, 
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5 2~ i o oiB^mmomm^^Mvrmsk^^^o 
io s:^^^n^o 

51$?, EJSjftfC^nfT-fiKlOO-SO, 0 0 0U/L 
, K**4 , ©'S ; E^alf>aiaf 0. l~4 0g/L, KJftiS^15~6 
Ot, K/SI#|iHl 0#~4 OISIK, pH5~9©$gfflT&3o W 

15 iHff«*<z)ffist>#ic«fiesnr, huxMim epp 

smmm. piPEsift, v>m*mm* adaiii, ^x>^ 

KTB^TD^r— tfiW^D^nf'ft- i?£/Btr*T, MSB 

20 1 0, 0 0 0 KU/L, fcJfcm^O^^tfU^yMmO . 0 2~4 0g 
" /L, Rmmmi 5-6 Ot:, K(SKflBI2^4 OI^IHU pH6.~l 1 
©l6HT?fet),.»*b<tt, MJStf ©^Df7- tf»ftl 0 0-8, 
O'OOKU/L, Ej£»f I f , ©'\ ; E#'Olf>*&0. l-10g/L, R 

^iigis^eot:, Rmmm2ft~ i mm. pH7~io oira 

ii 
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FAOD7?II1-§o uOF AOD&SfcJ; 9, hGIBiS (1) \Z 
^©FAODiKl MIByo^T— 

^<t*w*b<, bra, ^tMRBstrf* B&tHyp^r 

10 tSJAH HM^OFAODIIBOO-SO, 0 

0 0U/L, M^M^^^^^Otf^a^O . 0 2-3 0 g/L, MJft 
Um. 15~37t, B^B^I 1~20^ p H 7 ~ 9 (DfgfflTfc D , S 
jS* + 0FAOD*flEl. ' 0 0 0~2 0, 0 0 0U/L, MiS^©^ 
*ifDlf>aift0. l-5g/L, SfSM^ 1 5 ~ 3 7 Sj£P#IH!l 

15 ~5#\ pH7~9(DiiT$S, 

ffiHEFAODfflSfcJ;oT£Dfc«Bfl5*5iS©M&, MfBP 

d0PODte<fc3l*ft;»7n£j&toj:, ®3t> «»«e+Tffft>n, ^0* 

tCPODlIl- 1 0 0, 0 0 0 IU/L> SIMO. 0 0 0 1 - 
lmmo 1/L, jxjfcifi&2 0-3 7<C, SjSNf 1 - 5 pH6- 
9t^i), ff^KIt m^OPODlSl, 0 0 0-50, 00 
0 IU/L, SSSS0. 0 0 0 2-0. lmmo 1/L, MM^2 
25 0- 3 7 ^, £JSP#IW1~5$K pH6~9t^. HufB^ffi^ 

», #teMig£n*r, taiBFAOD«ia^'iig«0fii«*«5^fflT?# 
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mm^m^hyKmmu, mm? oDm*m^rcBmm^feom\z 
mnmMz&r)$&&'rz>mn&m^rcm&u, tome. u&jBmow. 

10 1 : MI+/Df7^1 

2 : ^OrT-ifia+FAODlI 

3 : FAODjfflI+ PODiS 

15 ZtLfc^o 

^at*>^bs©^^fitiHb a i cmtfemmmmz%2>tc$b. z\<d 
mmmtz, ^mmoym^mz^^mm^^mz^n^^^u^y 
m<tm<Dmi£m&ttA-?z>zt\z£.ri, mm^skun^oHbAi c* 
25 &&®%z\£&x>gz>o ®imm(Dfcj$iz3s^T, wfa^^^pif 

13 



• WO 02/06519 



PCT/JPOl/06064 



5 (Diti^e^jiiitfoHbAi cm^mm^^mmzmmx^^> a 
cmmrn 1 ) 

Wit^^tfu \£>&&z$mfcy)V75i >%<&tsum&rt^^ >xmm 
mm) 

mitrnz, j*>&&%7&*mmvtcHFLcmz&r)&#)r£o 
.i^fo^Mii^i (hoog, io#) vxstm^m^v. 
20 ^m^^tco t\omfam*M>bftmvxshLmm&$fc£:\src.%<D&, m 

ppi&GL YCO • GELII (tfXX*i:$a) fciftb, St&K: £ 0 Sfl^ > 

FAOD (jil^Iiti, ETFW.E) 2. 0 9KU/L 

25 POD (Ty p e III : ^#H^ttiS, ^TlMlO 7 3 0U/L 
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(ffiifi£DA64 : *ttft*fiSgIf£*tfiL J^TIWIC) 1. 4 6 mm o 1/L 
Tr i s-HC (pH8. 0) 73mmol/L 

(urn 

5 KU/L£>/\°/W > • 7;VH'J y^tfcfi) lmL^^jDU, 4 

0tT2 4^TO$tfc. ^-IT, Ctl^©it0. 0 18mLI:i 

W&U ^ii&5^t©^M©itS6 9 4 nm, «8 8 4 
nmfc$3ttsgft3fc£§* (lp a D «JCA-BM8 

1 13to 

mmm 2 > 
atmm 1 ) 

20 /WXDfttoDtl g/L©a-^ ; £h'J^v'>lmLSffl^&Pi 
IB* 1 (c^To 
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(^1) 

(Ab s . ) (A b s . ) 

0 . 0 9 0 
0 . 0 3 7 
0. 0 4 2 

luteal \z7jk-t<k -5 \z. ^mmi&£.x$2<Dnn'( >&&t$~7u*7 

. mikT)l>7=i >*U£/v£ftMi£ir\z, Wik^tfu \£>&M$imiz 

15 

(HS£M3*3irXJt^J2) 

20 
25 
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5 Hli2 ^0^^-T> 0. 0008 
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mmmns%<D±ihL&Mfoftm a 5 0 0 g, io#> vxitin&ftm 



5 (to&&ft<DtRm 

(ynr7- if) 

k (mytmrnuMftM) ^mm^mmv. ii4g/L©§t^nf 

15 <»ft»7CRJ&«B©ii&j£) 
POD 

SiS«DA6 4 

v>m%vvu»mffim (pH7. o 



2 0KU/L 
0 . 0 4 mm o 1/L 
0 . 1 mo 1 /L 



20 (K^aTcjRjtSttccDiarfE) 

F AOD 14. 3 KU/L 

U>»*UC/A««* (pH7. 0) 0. lmol/L 



25 Huia&fimo . 2mL, MIH^D r7—& mm 0 . lmL*3«fctfU> 
i*'J^l®f (pH7. 0) 0. 7mL^l, '3 7 < CT2 4B# 
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5/iLt, a^ftfcS^EJfc#B4 5 jaL&iSJnU 5#«fc, 
* e.fcMaBKfl2«7cRJsS«tC 2 0 At L^ijtabTEjS^I^U, KJfcM 
5 H&5M©^i©±tS6 9 4 nm, Bliftfi8 8 4 nmfc:fet*Sfflfc 

10 Cg2) 

^Df7- if JM ifiL^ ^Ifa. 

(Abs.) (Abs.) (Abs.) 



3 

15 fu^^^> 0. 0 0. 0 0 9 0. 0 0 2 

A°A°-f > 0. 001 0.021 0.015 

2 

fe' 0.01 2 0. 0 1 9 0. 015 

a-^h'J^^> 0.015 0.016 0.013 

20 ^Dft-fK 0.036 0.027 0.034 

25 ^yji^s >f ^HtA;Mi^i^tw§o cnt»bt, it 
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WAt 's * # n tf > £ to <D Wit ? > A ^ ft £ * £ £ £ & < ftffi V X 

5 

MzKtHbAl c^ip^ (S RLttSD ^i^LT, HbAlc 
$§S^n^tl4. 3%^ 7. 8%, 11. 2%, 14. 7%T£D, 

LT, HbAlclim-^tlS. 5%, 10. 8%T&D,/^0, 

/Co 

15 

( 7 D T - if i» © SI ) 

f mmx->i?-( &W3:£itM) mm&±z$mmi g/L©/w^> c 

20 

4mL*J;tXl. Omol/L U >Bfc# U #A««Jfc (p H 8 .■ 0 ) 
0. lml^t, 3 7tt2 4Pf p H 1£j££i3r£:o SJS^> #913^ 
25 iWp«^b77'J-MC ^15 0 0 0 (^'J^7m RT 
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5 SfflHTWfcbfc. £n£©«^£T8B£3:fe«fctfEll©^9:7K:*T 



(^3) 

Hb A 1 c (%) 

10 ^Dt7- if 4.3 5.5 7.8 10.8 11.2 14.7 

nM> 0.010 0.016 0.026 0.043 0.041 0.059 

^*D^5-f> 0.002 0.004 0.005 0.014 0.008 0.010 

+ 2. 2, *-0*BH«8:«r = 0. 9 9 7u -1 >\Z~D^ 

TOffiiS;Hy=l 3 2 1X+1. 0, ^-(DffiP^ic« r = 0 . 968 

MfBS 3 *3 «fctf H 1 K^T J: 5 fc, mt^? P tf ©H b 

20 AlcMoJUJDfc^^R^flE^flWPbfcCi^fe, HbAlclSi 

l/fe^t, COHbAl cH^£ 
25 imCHbAl cft&MJ8WC3fc©£ 
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m^UfA^^^wfWr^±— ir\ AVW>> Bacillus subt i 1 1 is 

memm^mhumskm^vc^it. tnswi^o. lmLco. 

10 0 5lI%Tr i tonX-100*M§l. 4mLiilDUT^jfil$ 
fcfe <D £ m fiiUn t b fa o 

0. 0 51I%T r i t o nX - 1 0 Ofcmmz. H b A 1 cm^U, 

15 m (mmuMftm) s^bt, HbMcii (%) ^ti^'ns, 

5%> 10. 5%T&D, ^> At^Dlf>?II^2 0 0 g/L-eS 

t/j (3>c»x >if-r *5<ktf/vw> (avats) & 

25 (MkMTcRfc&D) 

POD 20KU/L 
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Sd^DA - 6 4 



0 



0 4 mm o 1/L 



u >mmmm (phs. o) 



0 . 8 mo 1 /L 



F AO D 



14. 3 KU/L 



'J>^'J^Alti (pH8. 0) 



0 . 1 mm o 1/L 



10 



15 



20 



*)r>~7)VQ. 2mL, 7u^T-l£mWt0 . 16mL*J;tfO. lm 
ol/L 'J>^'J>)AiiS (pH8. 0) 0. 0 4mL£i^b 

h77'J-MC^fi5 0 0 0 \zmVTM>bftM&n^, ^^InURb 
fee ftifB3?£2 5 n LZmmyMz^iT 2femnV f£W:, Z\(D^ffl.MlZ 

mtm.7u^mD a 5 n L^muav, s^^^^tesjcs^e 2 0 # 

|7 5 1nm, 8 8 4 n m \Z £ #3©:^$!l^£fTo fco £©$9 



mm&mmmz-o^x. &mmi£& m^^uA-s i 5 0 : 7-^ 
^-f^iti) sirabAi cms. (%) zmrnvtzo m 
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IB#«*fM£fcoViT, *»li©WIB's ; E^nif >**fls*©Wje;fri*lc«k 

5 fcffi©i^$ (%) frffigftai^ss^.ksaa^flt (%) tfrt>-& 

10 (JftftMO 

Dyn^-f ± — if y= 1 5 8 4 6 x+ 3. 2 

^Df7-t'Nr7vyj y= 1 6 6 5 9 x+ 3. 3 

/WW > y=1 7 2 5 8 x+ 3. 4 

15 

(HbAlc (Dmfe-fife) 

mm&m&Lum\z'o\,*T, nm^tfn\f>mfcm<Dmi£jjmz&v) 

mm<Dmmjjmiz&v)'\*:!fu}£>mm<Dmfe&fT^rzo fit, mm 
20 m^m\zmmt^^tytm^mm^^xn\f ymm^wi^r^^m^^ 
z?u \£>m^tv, zn&imm&mmmizttxTz z.t\z&y mm®, 

i(ri3a»wsgic«fcDH-bAi c*^zi^ufco un^©^^@2f: 

25 mm^mmM^m^hrcHb ai cit®fflw§it^77 
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(%) mm^mmM^^^Hb a i c (%> m^mt^mm^ 

^^D^nf^t-if©i^0. 9 9 3 7, yn^T-ifNO^^ 
0. 9 9 3, AV\°-f . 9 9 4 1 t^tl:il<, fflfEgKj$]5t 

5 £££|W!4iMiJ5£!jiSTHb A 1 c m*ik® ZtlZ Z ttfiifr^ fc, 
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